A total of 82 fecal specimens, which had been known to be negative for rotavirus, adenovirus, norovirus, sapovirus, and astrovirus, collected from infants and children with acute gastroenteritis in Chiang Mai, Thailand from January to December 2005, were subjected to screening for human parechovirus (HPeV). HPeV was detected by RT-PCR using a primer pair to amplify the 5'UTR region of its genome and was genotyped by sequencing of the VP1 region.
INTRODUCTION
Parechoviruses are small, non-enveloped, positive sense single-stranded RNA (ssRNA) viruses and belong to the large family of Picornaviridae which is a highly diverse family of important pathogens of humans and animals. The Parechovirus genus has been defined in the early 1990s (15, 18) . The genus is composed of two species: Ljungan virus, isolated from bank voles (27) and human parechovirus (HPeV), a frequent human pathogen. Based on serological characteristics, two HPeVs were characterized in the early 2004. However, they were first classified as echovirus types 22 and 23, within the enterovirus genus, later were reclassified as HPeVs 1 and 2, respectively, based on distinctive biological and molecular properties. The genome of HPeVs has an average length of 7,300 nucleotides and is packaged into an icosahedral capsid made up of multiple copies of each of the capsid proteins VP0, VP3 and VP1 (15, 33) .
The previous findings reveal the genetic variability of HPeVs and the number of newly identified HPeV genotypes has been on the increase. Based on VP1 sequence comparisons, there have been nine published HPeV types up to date (1-9, 16, 24, 34) . In addition, according to the website of http://www.picornaviridae.com/parechovirus/hpev/hpev.htm, HPeVs have been classified into 14 genotypes, however, the nucleotide sequences of new HPeV strains from genotypes 9 to 13 and corresponding studies have not been published so far.
In Thailand, acute gastroenteritis is the primary cause of morbidity among diseases documented in the annual report of epidemiological surveillance [http://epid.moph.go.th] and it is well established that rotaviruses, adenoviruses, astroviruses, and caliciviruses are the most important etiologic agents of acute gastroenteritis (14, 19, 20, 25) . Up to date, however, there has been no report on HPeV infection in Thailand. The present study was aimed to screen stool samples collected from children with acute gastroenteritis in Chiang Mai, Thailand for HPeV infection, one of less explored viral pathogens which has been reported to be associated with diarrhea recently; and to characterize the molecular properties of the detected HPeV strains. 
MATERIALS AND METHODS

Clinical Specimens
Eighty two fecal specimens, which had been known to be negative for rotavirus, adenovirus, norovirus, sapovirus, and astrovirus by reverse transcription -polymerase chain reaction (RT-PCR), collected from infants and children with acute gastroenteritis in Chiang Mai, Thailand from January to December 2005, were subjected to screening for HPeV. All stool samples were stored without additives at - 
RNA extraction and Reverse Transcription (RT)
The RNA genome of HPeV was first extracted from 140 µl of 10% fecal suspension using 
Genotyping by VP1 sequencing and primer designation
At first, to amplify the VP1 segment, the previously described primers developed by
Benschop and colleagues (6) were used. However, because of failure in obtaining PCR products of most HPeV-positive samples except for one, two new primers were designed for the first PCR.
Then, for the nested PCR, it was performed using the inner primer pair described by Benschop and colleagues (6) .
For primer designation, to obtain the full length of 702 bases of the VP1 capsid gene, alignment of full genome sequences of reference strains of 8 known HPeV genotypes available in GenBank databases was performed using Clustal X software to find the conserved regions and the two new primers were designed outside the VP1 region. Oligonucleotide sequences of the newly developed primers and their positions were described in Table 1 .
The first PCR was done using the new designed primers and the thermal cycle program was as follows: 5 min at 95 Table 1) . Analysis of the amplification products was performed by 1.5% agarose gel electrophoresis, and the bands were visualized by SYBR Safe (Invitrogen, Tokyo, Japan) staining under ultraviolet light. The HPeV-positive samples were retested with another PCR by using a newly designed primer pair, 3DparEcho-F and 3DparEcho-R, derived from the 3D gene of the HPeV genome (Table 1) .
Sequence and Phylogenetic Analysis
The PCR amplicons of the VP1 gene were purified and sequenced in both directions using The sequence data and the phylogenesis were analyzed using BioEdit v7.0.5. A parsimony analysis was also conducted using MEGA (Molecular Evolutionary Genetics Analysis) version 3.1 to determine the evolutionary relationship among studied sequences (22) . The method was performed using close-neighbor interchange with a random option and with 500 bootstrap repetitions.
The nucleotide sequences of the reference HPeV strains described in this study have been 
RESULTS
Of the 82 samples tested, 12 were positive for HPeV and the detection rate of HPeV was 14.6%. All 12 patients whose stool samples were positive for HPeV were children aged from 6 to 24 months. Of these, 6 patients (50%) were from 6-18 months of age.
For genotyping, only 9 strains were successfully amplified and sequenced of the full length VP1 capsid sequences. Full length of the VP1 sequences of the 9 studied strains was 702 bases. The remaining strain was genotyped as HPeV4 and it clustered along with the K251176 strain, which has been recently detected in Netherlands.
For the studied HPeV1, 3 strains were found to cluster closely together with the prototype Harris strain and the amino acid similarities between the three strains and the Harris strain ranged from 92.7% to 93.7%; while the two others were in the larger cluster consisting of recently detected HPeV1 strains and the amino acid similarities between the two strains and the Harris strain were less than 90% (86.4% and 89.6%).
In the case of HPeV2 strains, the amino acid similarity between the Thai studied strain and the Williamson strain was 95.2%, while mean amino acid similarities between the Thai strain and other genotypes ranged from 63.8% (with HPeV3) and 74.2% (with HPeV1).
For the two Thai studied HPeV3 strains, they clustered closely together with the Japanese strain A308/99, the prototype of HPeV3 strain, and had 96.6% amino acid similarity to this strain.
Within HPeV4 cluster, the amino acid similarity between the Thai studied strain and other strains ranged from 97.8% to 99.1%. 
DISCUSSION
To date, a variable spectrum of symptoms caused by HPeVs has been described. The common symptoms are similar to that caused by some enteroviruses, including mostly enteritis with diarrhea, and respiratory disease (3, 6, 17, 31, 32) . Other symptoms and syndromes also have been reported such as meningoencephalitis, encephalomyelitis, flaccid transient paralysis, nosocomial infection, neonatal sepsis, myocarditis, myositis, lymphadenopathy, hand-and-mouth disease, rash, fever of unknown origin, influenza-like illness, and Reye's syndrome, haemolytic uremic syndrome (7, 10-13, 16, 21, 23, 26, 28, 30, 34) .
By screening fecal samples known to be negative for rotavirus, adenovirus, norovirus, sapovirus, and astrovirus for human parechovirus, this study provides one more evidence of HPeV-associated acute gastroenteritis. In addition, with a detection rate of 14.6% of samples tested, the study demonstrates that HPeV-related diarrhea among children with acute gastroenteritis is not rare in Thailand.
In this study, 702-base full length of the VP1 gene of the studied Thai strains was successfully obtained. However, some of VP1 sequences of reference strains, especially the strain 451564 of the new genotype HPeV14 (4), available in GenBank databases were partial VP1 sequences. Consequently, the phylogenetic tree was constructed based on 624 bases. The results showed that 4 different HPeVs, HPeV1-4, were present among Thai infants and children with acute gastroenteritis and more than a half of the detected strains belonged to HPeV1. The finding was in good agreement with previous studies which reported that HPeV1 was predominant over other HPeVs found in patients with acute gastroenteritis (3, 4, 6, 9 ).
Among the well-known HPeVs, HPeV2 appears to be a rare genotype. Interestingly, one HPeV2 strain was found in this study. The finding is in support of the statement that HPeV2 infections rarely occur and are mostly associated with gastrointestinal symptoms. Table 1 Primer Gene Sequence 5' to 3' Sense Position* Amplicon Reference 
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